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NOTICES

Disciaimers

The findings in this report are nct to be constzued as an
official Department of the Army position, unless so desig-
nated by other authorized documents.
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Disposition
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L. Experiments with Field Emission Type of Cathodes

The formation of asperities has been demonstrated on plain molybdenum
layers using the aluminum alloying technique. It was found that toc little
aluminum fails to produce asperities whereas an excess of aluminum resulte
in irregular corrosion of the molybdenum surface.

Experiments in which asperities were grown on molybdenun sreas confined
by insulsting lsyers shouwed that the presence of these layers may affect
the formution of asperities. Alumina inhibited the growth of aspurities in
the inmediate vicinity of the slumina layer. Silicon monoxide did not sppear
to adversely influence the formation of usperities.

B. Experiments with Transverse-Field Type of Cathodes

The preparatioﬁ of tracsverse-field type of cathodes has been explored
using various cathcde configurations, materials and techniques.

Vacuum-deposition methods were found to be superior to spray-coating
techniques in the preparation of the cathodes.

Cathode configurations in which the gap between the two conductors was
controlled by an insulating film sandwiched between the conductors sppeared
tc be the most promising approach toward the fabrication of a useful catnode.
Difficultler were experienced with such siructures from short circuits
between the conducting leyers. It was concluded that these failures were nct
necessarily caused by defects of the insulating layer, but that, in soms
instances, the two conductors may have come in direct contact inside the
structure due to a mismatch of the thicknesses o the insulating layer and
the baze electrode.

The feusibility of preparing a BaO f£ilm such as 10 carry an electron
current scross the gap of a cathode structure has been dermonstrated.
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TECHNIQUES FOKR FABRICATING SCANNARLE COLYD CATHODES
INTRODUCTION

Ob jective of the Program and Approaci

The objective of the program is to fabricate an array of scannable
cicron-sized cathodes to be used in combination with a phospheor screen as s
novel display device. Two approaches toward the preparation of the cathodes
are being pursued.

In one approach, tiny asperities are grown at the surface of molybdenum
metal inside & micron-sized cavity produced in an insulating film. The
seperities serve as field emitter tips from which field emission may be
drawn by applying a voliage to a molybdenum film deposited on the top of the
insulating layer.

To fabricate a scannable array of such cathodes, a series of parallel
molyblenum strips is deposited cuto a kighly refractory subsirate. A thin
film of aluminum oxide is evaporated onto the moiybdenum strips and snother
set of parallel molybdenum strips is deposited on the aluminum oxide in a
direction perpendicular to that of the base molybdenum strips. Using poly-
styrene halls of 1/h-micron diameter as maskisg material duvring the deposi-
tion of the top molybdevum strips, tiny boles have been created in the
strips. The sample is then etched in hot, concentrated orthophosphoric acid.
This treatment removes the aluminum oxide from the places where it is not
covered by the top molybdenum strips. Underneath these strips, the aluminum
oxide is etched away wnere the tiny holes were creaved in the surips during
deposition. At these aputs, small cavities are formcd in the eluminum oxide.
At each crossing of s molybdenum top end base strip, bare molybdenum is
exposed at the botton of the cavities. Depositicn of a very tain sluminum
film on the sample followed by removal of the aluminum by & heat +reatment
produces tiny asperities on the molyhdenum. The asperities formed in the
cavities on the bare molybdenum at the bottom represent the field emitter
tips previously mentioned. The total number of cavities present in the
aluminum oxide at a crossing of a top and base molybdenum strip constitute
one individual cathode of the array. Scanning of the cathodes is accomplish-
ed by connecting one base molybdenum strip o grownd and epplying & voltsge
of 10 to 50 volts between one top molybdenum strip and ground.

The second approach toward the fabrication of the scapnable cathodes
uses the s?;called transverse-field emitter describved by D. V. Geppert and
B. V. Dorelt!) In this cold cathode gtructure, a narrcw gap between two
conductors is bridged by a thin film of & semiconductor, e.g. Ba0. Vhen a
sufficiently high electric field is established between the two conducrors,
8 current passes through the semiconductor. By applying an external
accelerating field while operating the device in vacuum, a portior of this
current can be drawn into the vacuum.

In the practical construction of the cathodes, the gap between the two
conductors may be defined by a thip insulatiug layer. The semiconductor £ilm
is applied to the edge of the struciure. If the edge forms the wsli of a
hole etched intc a metal-insulator-metal sardwich s scapnable array of tee
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czhcdes can be fabricated in a manner very similar tc that described for the
comsiruciicn of arrays of ihe field-emitter iype of cathodes. The ouly
change o be made consists in eliminating the step of growing the asperities
inside the cavities and, instead, evapurating a semiconductor film ontc the
sasple. This film forms the desired semiconducting bridge between top and
botton conductor inside e.ch cavity. By applying a voltage acrosa the two
conductors, & current may be drawn through the semiconductor. A portiom of
the electrons may be extracted intc the veacuum and accelerated toward
phosplor screen by means of a positive grid electrode mounted in front of
the cathode penel.

DISCUSSIOR

Experimentai Setup

An efficient double-bell jar VacIon pump system was used ir the pre-
psration of the vericus cathode semples. This vacuum 8, stem was a modified
vers{gg of the puxp atation described in detail in Technical Report ECOM-
2718 The original pump station consisted of a 400 L/S Vacion pump com-
bined with a {itarium sublimation pump, a rotary oil pump as forepumy and
& bakeable moleculsr sieve in the forepump line for trapping back-streaming
0il vepors. As new features, a 140 L/S VacIon puup with built-in titanium
subliamtion pump was added to each of the two bell jar stations. In addition,
the molecular sieve was replaced by an efficient liquid nitrogen trap withk a
by-pass line. The use of the 140 L/S VacIlon pumps corsiderably reduced the
pump-down time of the bell jar stations. The liquid nitrogen trap eliminated
the need for the periodic bakeout of the molecular sieve and was also con-
sidered as a more effective trap since the moleculer sieve could not be
cooled.

The technigues and the auxiliary equipment used for sssembling the
experinental setups in the bsll jars were the same as those described in
Technical Report BCOM-2718(2

A. [Experiments witb Field-Emission Type of Cathodes

Arrays of Cethodes

Initially, attempts were made to fabricate a relatively large-size
ssmple consisting of an srray of 16 cathcdes formed on e ceramic disc,
1 3/86" in diamecter. The large size of the sample complicated the experi-
mental procedures. In particular, the necessity of heating the sample to
the high temperatures (1100° to 1200° C) required for the hakeout and the
re-evaporation o the alumiaum presented problems. In addition, difficulties
were experienced in the construction of a reliable mechanism for the
necessary transport of the sample to various positions inside the beil jar
without breaking the racuum. Solving these strictly technological problems
proved to be rather time-consuming and, therefore, impractical at this early
stage of the project. It was therefore decided to discontinue the work on
large-aize samples and, inatead, to explore one particular probiem area in
the preparation of field-emission type of catbodes, i.e. the process of
asperities formation. Conseguently no sample arrays were actuasli, fabricated
to the point of completicn by this technique.
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Formation of Asperities on Plain Molybdenun Films

Genersl Experimental Procedures

To get acquainted with the basic technique for forming
asperities a simple experimental procedure was chosen. First, a molybdenum
layer was depocited onto a smell sapphire substrate. The molybdenum layer
was thea cczated with a thin film of aluminum and £inally the aluminum was
removed by eveporation. Specifically, the experimental procedures were as
follows:

Substrate Cleaning

The asappbire substrate (approximately 3/8" wide, 7/8"
lopg, and 1/32" thick) was thoroughly cleaned by scrubbing with a paste of
resgent-grade calcium carbonate and distilled water, followed by rinsing with
distilled wuter, a dip in concentrated acetic acid and re-rinsing in dis-~
tilled water. The final wash in distilled water was assisted by ultrascaic
agitation. Subsequently, the substrate was rinsed with filtered distilled
weter and with methanol, and finally dried in clean air.

Substrate Degassing

The clean substrate was atiacned to & smsll furnace and
degassed by gradually heating furnace and substrate to temperatures ranging
from 1100° to 1200°. The furnace that proved to be moat practical and the
mownting of the furnace are sketched ir Pigure 1. Currents of spproximtaly
17 amperes at voltages around 11 volts were required to chtain the gquoted
temperatures.

Initially measurement of the substrate itemperature by
thermocouples (chromel-alumel and Pt/Pt-Rh) was tried wilh the thermocouple
veld either pressed against the subetrate or welded to the furnsce in close
vicinity to the substrate. Both methods were unsatisfactory. In the first
method, it was impossible to maintain a sufficiently intimate contact
between thermocouple weld esnd subeirate. In the second methcd, erroneous
reacings were obtained, probably due to slloving of the thermocoupls with the
furnace material. To eliminste these problems the temperature readings vere
finally taken by an optical pyrometer focused on the body of the furmace.
The messured date, therefore, only approximate the temperature of the sub-
strate.

The degassing schedule varied in the experiments. In
the early runs, the furnace and substrate were raised to the mexirmm
temperature within about one hour ard with only forepump vacwum (5 x 10~3
tozg) established in the bell jar. The pressure was then reduced to the
107" torr range within 1/2 to 1 hour while the furnace temperature wvas main-
tained at the maximum level. In the later experiments, the degassing was
performed entirely in the lov pressure range using heat-up periods of 30 to
L5 minutes end keeping furnace and subatrate at the maximm temperature for
a period of 10 minutes.
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Molybdenum Deposition and Aging

The deposition of the molybdenum onto the substrate was
carried ou. ueing en electron gun (E-gun) as hest source. The substrate vas
kept at appreximately 600° C and was protected by a remcvable shield prior
to the deposition of the molybdernum. The molybdenum was evaporated from
pellets, 3/16" thick and 1/4” in diameter. The molybdenum bsd the tendency
to "spit" before melting. When the pellet was slowly heated to the point
where the surface began to melt, and the pellet was then sllowed to cool
before the finsl eveporation was attempted, the danger of spitting was re-
duced to a8 minimum.

The distsnce between E-gun and substirate varied between
L" and 5 1/2", but in most of the experiments was 5". The molybdenum was
usually deposited with the vapor striking the substrate perpendicularly.
Occaaionelly, the 3ubstrate was mounted sideways from the E-gun so thet the
vapors arrived at the substrate under an angle of about 30° from the normal.

The pellet temperatures measured at the beginning of the
nolybdenum evaporation were approximately 1900° to 2000° C. The bombarding
currents ranged from 70 to 120 mA at the fixed initial bombarding voltege of
L xv. The depcsition was usually comp%gted wvithin 30 to 60 minutes. The
pressure in the bell Jjar was in the 107 torr range.

The deposition of the molybdenum was onitored by aun
oscillating quartz cryetal (cf. Technical Report ECOM-2718 for further
detail). The lrat generated in the vicinity of the furnace and substrate
did not permit the use of the combired crystal and oscillator wmit ingide
the bell jar. Only tbhe crystal was therefore mounted near the substirate and
the oscillator placed outside the bell jar. Although the connecting cable
was short this arrangement resulted in a considersbly reduced reliability of
operation. Temperature effects continued to create problems. Some improve-
ment was achieved by mounting the crystal on a water-cooled head, but the
data obtained are atill considered as only crude approximstions. The cbanges
in frequency measured at the ead of the molybdenum depositions ranged fro
¢ to 10 kHz corresponding to estimated £ilm thicknesses of 1000 to 2000 §.

Immediately upon completion of the depositjon, the
molybdemm layer was aged hy gradually heating furnace and sample to the
temperature at which the degassing of the substrate had been performed.
Furnace and sample were maintained at thie temperature for several minutes
and then allowe¢ to cool. The pressure in the bell Jjar at the end of the
aging while the furnace was #ti1ll operating was approximately 1 x 10‘6 torr.

Aluminum Depositicn and Re-Evaporation

The sluminum (high-purity grade, 99.999) was deposited
onto the molybdenum layer using a prefired conical basket mede from alumina-
coated tungsten wire as heating source. Prior to the deposition, tbe basket
with the aluminum and the furnace carrying the sapphire substirate with the
molybdenum layer were degassed. The outgassing procedure finally adopted
was a8 follows: PFirst, the tungstesn vasket with the aluminum was heated to
about 1000° C within 20 to 25 minuies vhile the furnace with the sample
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gettering material generated from the tungsten basket during it _'g degaasing.
The pressure in the bell Jlar was at this stage in the lower 107 torr range.
The furnace with the gample was then heated to about 1150° C within 30 to

5 minutes. Dwring this period, the temperature of the tungsten oasgket was
. % at 00° to 1000° C. Finally, the furnace tempcrature was reduced to
approximately 600° C and the deposition of the alumirum wes initiated by
raising the basket temperature *o about 1150° and dropping the shutter that
had ehielded the sample from the tungsten basket during ihe Jdegessing. Only
half of the sample area was coated with aluminum. The other half was masked
by a tantalum sheet to provide an untreated moiybdenum surface as reference
area. The bell Jler pre_:_gsure during the deposition of the aluminum was in the
neighborhood of 1 x 107 torr.

In monitoring the thickness ¢f the aluminum films by the
quartz cryatal method the aame problems were encountered as in the control
of the molybdenum film thicknees. The same caution in the interpretaticn of
the duta 1s therefore indicated. With one exception, the changes in fre-
quency ranged from 0.5 to 1 kHz correaponding tc estimated film thicknesses of
400 to 800 R. In the exceptional case, the aliminum was deposited to a con-
siderably larger thickness, approxiwately 2500 2 (measured trequency change
3.1 kBz). The time of deposition in most of the experiments was 4 to 15
minutes. In one experiment, however, 25 minutes were needed to form an
aluminum £1Im only 40O R thick (0.5 kBz frequency change).

The distance vetween tungsten beasket and semple was, in
general, 4", Only during the deposition of the very heavy aluminum film was
this distence 5".

The re-evaporaticn of the aluminum was performed either
izmediately followlng the depositicn of the aluminum films or, in two
experin ntg, after exposure of the sample for 20 minutes to air of atmos-
pheric pressure and room temperature. In general, the aluminum wag evapo-
rated by graduzlly raising the furnace with the sample to a temperature of
1150° to 1200° C and maintaining this temperature for 20 to 25 minutes. In
the experiment in which the very heavy aluminum film was applied to the
molybdenum, the maximm furnace temperature was about 1250° and the heating
of the sample waa continued at this temperature for 65 minutes. The pressure
at the epnd of the aluminum re-evaporation was usually in the lower 10~ torr
range.

Testing of the Samples end Results

The samples were examined under the microscope in re-
lected light. Of the six samples prepared, four samples showed the expected

foirmation of asperities in the aluminum treated area. Photographs taken of
these samples are digplayed in Figure 2 a through 4. Differences in the
size and density of the asperities will be noticed. The small number of
experimente does not permit an explanation of these differep~es. A more
systematic investigation of the numerous factors which may nave caused the
variations would be necessary.
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ASPERITIES FORMED ON PLAIN MOLYBDENUM SURFACES

FIGURE 2.
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tion of asperities, the surface of one sample was not changed et ali by the
aluminum treatment. The aluminum was deposited onto this sample until the
frequency change of the quartz crystal was approximately 0.5 kBz. This velue
was the lcwer limit Tor the thickness of the aluminum £ilms applied in the
experiments. Application of an insufficient amount of aluminum could there-
fore be beld responsible for the absence of asperities on the sample. Bow-
ever, among the samples preparad, there was another one for which the fre-
quency change during the aluminum deposition was also 0.5 kHz, and this
sample did display the characteristic growth of asperities. Because of

this fact, it is felt, however, that a faulty aluminum deposition could very
well be the reason for the negative result obtained on the one particular
sample. This sample was prepared in the experiment previously mentioned in
which the exceptionally long deposition time of 25 minutes was required to
form the very thin aluminum film on the molybdenum. The reasonable assump-
tion mey therefore be mede that, as & consequence of the slow deposition,
considerable oxidation of the aluminum tock place and, hence, too little
metallic aluminum was available to promote the growth of asperities. In
sddition, the presence of excessive aluminum oxide may have been harmful.

A photograph of the surfece of the second sample in which
the aluminum treatment 4id not produce a satisfactory result is shown in
Figure 3. As can be seen, the sample did not display distinct asperities,
dut hed s non-uniform, corroded appearsnce. This le ves the one in which
the very heavy aluminum f£ilm of approximately 2500 K was applied to the
molybdenimn. It wae therefore concluded that excess of aluminum bhas caused
the observed corrosion of the molybdenum surfece.

Formation of Asperities on Molybdenum Within Grooves Forzmed in
an Insulating layer

H?rlf performed at Stanford Resesrch Institute on the formation of
asperities 3) met with difficulties vhen an aitempt wvas mede to grov the
asperities inside small, micron-size cavities etched through a2a alumira
filn on a molybdenum bese. No conclusive explanation for the failures was
evident. Since it was felt that the experiments described in the preceding
paregraphs hed provided sufficient experience in the produciion of aspearities
on plein molybdenum films, it appeared reasonable to expand the investiga-
tions by exploring the aspects of forming the asperities on molybderirn areas
confined by insulating layers. To simplify the experimental procedures and
the evaluation of the results it was decided not to immediately attempt the
growth of ssperities at the bottom of micron-size holes, but to produce the
asperities inside relastively wide groovas formed in the insulator.

Formation of Asperities Within Grooves Furmed in an Alumina
layer by Masking

In tbe first experiment, vapor-deposited alumina was used as
the insulator layer. The molybdenum base layer wss prepared in essentially
the same way as described previously in this report. Alsc the dimensions of
the sapphire substirate were the seme as in the earlier exgeriments. To pro-
duce the grooves in the alumina layer the molybdenum film was masked by &
nickel grid with a vire diameter of about 12 mils. To inswre better contact

8
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FIGURE 3
MOLYBDENUM SURFACE CORRODED BY THE
USE OF EXCESSIVE ALUMINUM .




with the molybdenum the nickel grid was flattened in a vise. A pellet, 5/8"
in disnmeter and 1/4" thick, of a "green"” (unfired) alumina ceramic (99.5%
A0 } served as the alumina source and was heated by an E-gun. The distance
between the alumina peliet and the substrate with the molybdenum film was
approximately 3 1/2". The alumina pellet was slowly degsssed by raising the
temperature to about 2300° C. At this temperature, the alumina deposition
began as indicated by the monitoring quartz crystal. The shutter that hsd
gshielded the molybdenum layer during the degassing of the alumina was removed
and the alumina deposited through tbe grid mask onto the molybdenum. The
gubstrate with the molybdenum was kept at about 600° C during the alumina
deposition. The deposition was continued until the frequency of tbe
osciliating quartz crystal bhad changed by approximately 25 kBz. This fre-
quency change corresponds to an estimated film thickness of the order of 1
micron, but this value represents only a lower limit since the quartz crystal
was about 2" farther avay from the slumins source than the substrate with the
molybdenun layer. The duration of the alumina deposition waes about 20
rdnutes. ‘Ihe maximm temperature meaagged on the alumina pellet was 2380° c.
The bell jer pressure was about 5 x 107 torr. The slumina deposit was
briefly agesd by heating at an estimated temperature of 800° C for a period of
20 minutes.

After removsl from the bell Jjar and detachment of the grid
mask, the sample was exsmirned. The slumins layer hed & dark-brown color.
ipparently, partial decomposition of the salumina had occurred during the
bombardizent with the electron bheam and the partial oxygen pressure in the
bell Jjar was too low to cause re-oxidation. The molybdenum underneath the
mask had remained bright ard shiny.

The aluzinum treatient of the sample foliowed, in general,
the schedule used in the experimente with plain molybdenum films,

Examinstion of the finished sample under the microscope re-
vealed the growth of asperitiesz in the grooves, but the density decreased
from the middle of the grooves toward the edges. In close vicinity to the
alumina, hardly any asperities were formed. Some isolated, larger specks
were noticed along these borderlines. Pigures La and Ub are presented as
examples of the observations. Figure le shows a photograph of a molybdenum
area located mainly in the middle of a groove. Toward the right-hand side
of the picture, the molybdenum area approaches the edge of the groove and
the decrease in the density of the asperities can be seen. Figure Ud
represents s photograph of a molybdenum area (on the right-hand side of the
picture) close to the adjacent alumira layer (black area on the left-hand
side). It will be noticed that in the immediate vicinity of the alimina
a strip of the molybdenum area has remained apparently unchanged. Con-
sidering that the width of this strip (10 to 15 mm in the picture)
corresponds in reality to 25 to 40 microns, it is understandable that the
formation of asperities inside micron-size holes presents difficulties. A
valid explanasticn for the suppressed growth of the asperities in the
vicinity of the alumina cannot be offered et the present time, but would be
of vital interest for the solution to the problem.
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FIGURE L. ASPERITIES FORMED ON MOLYBDENUM WITHIN
GROOVES PRODUCED IN AN ALUMINA LAYER BY MASKING
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Formaticn of Asperities Within Grooves Formed ia a Silicon
Monoxide layer by Masking

In order to explore whetber other insulators than alumina mey
show a detrimentel effect on the formation of the asperities on mclybdeunum,
the next experiment was performed using silicon monoxide (SiC) instead of
alumina as the insulator layer. A minor change was made in the preparation
of the molybdenum base layer inasmuch as the molybdenum pellet was cutgassed
before the furnace with the subestrate was degassed.

The 810 was evsporated from an alumina-coated tungsten basket.
Prior to the evaporetiuvn, the 810 had been degassed by raieing the basket
tempersture to 1300° C within 35 minutes and continuing the outgassing at
105C° to 1100° for about 15 minutes. The Si0O was deposited through the same
rickel grid mask used ir the previous experiment. The furnace with the
molybdenum-coated substrate was kept st about 600° C during the deposition.
The distance between the 810 source and the suostrate was apgroximtely L",
The Si0O wvas evaporated at a basket temperature of about 1LC0° C. The deposi-
tion was carried out over a pericd of 4O minutes. The frequency change of
the monitoring quartz cryetal was approximately 11 kHz corresponding to an
estimated film thickness of about 1 micron. The bell jar pressure was
initially in the low 107 torr range, but increased by an order of zagpitude
toward the end of the deposition. Immediately upon completion of the
deposition, tbe 810 layer was sged for 35 minutes at & furnace temperature
of about 600° C and the aging continued for another 35 minutes at & furnace
temperature of approximately 800° C.

The final aluxinum treatment of tbe sample was performed
following =ssentially the same procedures used in previous experiments. It
should be noted, however, that the time required in the present experimemi
for the deposition of the aluminum £ilm was extremely short (2 minutes)
although, according to the measured change in frequency (1 kBz), the film
wag one of the thickest films applied in the normal aluminum treatmenta.
(The depcsition time in normal aluminum trestmente varied between 4 and 15
minutes. )

The finiahed sample wes examined under the microscope and it
was found that asperities had been formed across the entire width of the
grooves. The asperities vwere quite uniform in size and distribution (very
small and dense) as can be seen from Figure 5a which shows a photograph taken
from & molybdenum area in the middle of & groove. Figure S5b represents a
photograph taken near the edge of & groove. The lower part cf the picture
shows the groove area with the asperities. The upper part of the picture
shows the 810 area which exhibited a coarser, reddish grain structure inter-
spersed with finer, whitish spots. As can be noticed in Figure Sb, an
especially shiny, narrow strip with a peculiar texture bad developed along
the edges of the grooves.

Formatlon of Asperities Within Grooves Formed in a 8ilicon
Monoxide layer by Etching

In the fabrication of an array of scannable cathode, the
cavities in the insulstor bave to be produced by etching. Aa attempt was
therefore made to form asperities inside grooves etched inio #u insulating
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layer. 8510 was celected as the insulator becaus= uf the favorable result
obteined with this materisl in the esperiment in which the grooves were
foreed in the SiC by a mesking technique. Essentially the same procedure

as in this experiment was used for preparing the molybdenum bvase layer.
Bowever, the Si0 was evaporated In the present experiment by an E-gun anéd no
nask was attached to the base layer during the deposition of the SiC. The
substrate with the molybdenun base layer was briefly outgmsssed befcre the
810 was depcsiied. During the Si0 deposition, tne furnace with the sample

was kept at soout 600° C. The distance between the sample and the E-gun was
approximately 5". It wes necessary to continue the deposition for e period

of 5S¢ minutes to form & S10 layer of about O.6-microm thickness although the
final tenperature of the SiO was as high as 1550° C and s reasonably 1ow
pressure {upper 1C-7 torr range) prevailed in the bell jar. For the deposi-
tion of relatively thick 810 layers, the use of thu E-gun as heat source was
therefore conslidered as impractical and infericr o the usge of a Lungstien
basket. The relscively small beam area .z:é the limitation in the shifting
of the beam appeured to be the reason for tihe inefficient evaporstion of the
810. After completion of the deposition, tke Si0 lasyer was aﬁed by heating
for 20 minutes between 700° snd 800° (pressure: 6 to 7 x 107! torr).

To form the grooves in the Si0 leyer by etching, a resistive
material hsd to be applied to the Si0 surfece to protect the areas that
shoull not be attacked by the etch. This masking layer wes produced by
depocsiting molybderum onto the SiC surface through the same nickel .mesh grid
used in ih= previcus experdiments. 3Sefore depcsiting the molyblenum, the
source materiai (the usual molybdenum pellet) was outgassed at about 1900° ¢
and. subsequently, the furnace with the sample was degasped by raising the
furnace temperature to about 1200° C within a pericd of 35 minutes. The
evaporation of t! s molytdenum was parformed st a maximum pellet texperature
of about 2100° C and a: a bell jar pressuic of 8 x 10° T torr Inforiunately,
the quertz crystal fulled to operate. Fror the duration of tbﬂ deposition
(50 minutes) and tke clouding of the bell jar walls, the final thickness of
+Le molybdenum deposit was estireted to be within c¢he range of thicknesses
{1000 to 2000 X) that were normal for the molybdenum layers prepared in the
various 2xperiments. The molybdenum deposit 'ms finally agea by raising the
furnace temperature within 25 minutes to about 900° C.

Upon removal of the rnickel grid mask, the sample displayed a
shiny grid pattarn whereas the square molybdenum patches had & dull appear-
snce. Reither with the naked eye nor under the microscope could the presence
of 810 be detected where the mesh grid bad covered the Si0. When immersed in
hydrofluoric acid (BoFp) the sample fairled to show the characteristic hehevior
of vacuum-deposited 810 layers. Normally, these layers are partially attacked
by BpFo due to the presence of some silicon dioxide (SiOz). As the resuit,
the SiC layers ave loosened and float away. No such reaction was observed on
the sample. There were two pcssible explanations for the absence of this re-
action: (1) The temperature at which the sample with the nickel gr:.d attached
had been cegassed was quite high {1200° C). Tne 5i0 might heve beea lost,
therefore, during this heat treatment either by re-evaporation cr, more iikely,
- by chemical reaction witn the nickel grid; {2) The Si0 did not contairn a
sufficient quantity of Si0, to be visibly attacked by the BpF,. The second
rossibility wes checked by adding a drcy of nitric acid tc the ByFy to induce
the formaticn of SiOp thereby maklng the SiC layer more susceptible to the
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attack by the HoFgz. Unfortunately, the acid mixture instantaneously

dissolved the entire coating 1ncluding the melybdenum layers. Becausc of this
rapid resction, it wes irpossivie to decide wiether or not 310 was pree nt.
The resultant destruction of the sample terminsted the experiment.

Tt hes been learned from the experiment that, after depusition
of the 810 layer, heat treatments of the sample should be carried out only
at moderate temperatures. To minimize the danger of a reaction of the 810
with the grid mask, this mask should be made from a more refractory metal
thau nickel (for instance tantalum). It may be alsg useful to perform the
agicg of the Si0 layer in a rather poor vacuum (107% to 10-3 torr) tc promote
oxidation of the Si0.

B. Experiments with Transverse-Field Type of Cathodes

Introductory  marke

The basic structure of the transverse-field cathode has been
described in the introduction to this report. In essence, the cathode con-
gists of two conductcrs separated by & narrow gap that is bridged by a thin
film of a semiconductor. To test the performance of & cathode structure, a
moderate voltege is applied across the two conductors. This should result
in a cwrrent Zlow through the semiconductor. Upon application of an externsl
accelerating field, eome of the electrons should leave the gemiconductor snd
enter the vacuum.

Secguse of the variety of the raterials and configurations of the
cathode structures explcred in this study, 1t is difficult to sumsarize the
experiments in & more general form. In the fcllowing paragraphs, the various
cathodes &re therefcre described individuslly in the sequence in vhich they

vere prapared.
Tranaverse-Field Cathode # 1

For tke preparation o2 the first catbode, gold and silver were used !
a8 the two conductors. Tbhe gap Letween the two metals wes defined by a thin
film of silicon monoxide (8i0) and was bridged by barium oxide (Pa0C). The
structure of the cathode is sketched im Figure 6 &, b. In detail, the
preperation was as follows:

A gold film was vapor-deprosited onto a clean &nd degmsaed glass
subytiute. Tne substrate was cleaned by the seme method used for cleaning
the subsizateg of fleld-emission type of catbodes ani described earlier in
this repori. The degassing of the glass substrate was accomplished by means
of a susil laboratory-made hotplote rounted closely behind the substrate.
The gold vus evaporated from an alimins-cogied tungsten basket at a et
tenperature of about 1265° C and at a beil jar pressure in the low 10° torr
range. [he distance between substrate and vapcr scurce was 4". The thick-
nesg of the deposited film was monitored by the quartz crystal method and
vas estimated to be of the order of 1000 & (frequency change: 10 kHz). The
duration of the deposition was about 15 minutes.

¥ollowing the goid deposition, auLout one half of the length of the '
gold siiip was mesked, and after a brilef degassing of the sample, the other
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half of tne strip was c.ated by a S10 film. An E-gun served as the heat
gource. Initially, the evaporetion of the Si10 proceeded guite rapidiy

(beam current: 40 ma), but scon slowed down considerably as the beam burned
out the center of the SiC pellet and reached less and less of the material

of the remaining eheil. The Si0 film wvas deposited to a thickness of
approximately 8000 2. {Frequency change: & kHz; final beam current: 150 ma.)

Using sn appropriaie mask, a narrow silver strip was deposited onto
the S10 film after the sample with the mask had been outgassed. The position
of tte silver f£ilm cen be seen from Figure 6 &, b. The silver was eveporated
from an alumina-coated tungsten bssket at a8 temperature of about 1050° .

The bell Jar pressure was in the lower part of the 107" torr region. The
thickness of the depcsited £ilm wes 5000 to 6000 (frequency change: 30
kHz). The time needed for the deposition was spproximately 20 minutes.

The finsl step in the preparation cf the cathode, i.e., the BaO
deposition, required an experimental setup that would permit testing of the
finished cathode for emission without prior exposure to air since such
exposure would herm the BaC coating. Electrical point contacts made from
platinum-clad molybdenum wire were therefore applied to the gold and silver
strip after the sample had been mounted in the bell jar. A apecial movable
mask was used to confine the BaO depositior to the sample ares near the SiC
edge that formed the insulsting gap between the gold and silver strip. After
the active area of the cathode kad been produced by depositing BeO over the
gap the moveble mask could be dropped end a metal plate rctated in front of
the active cathode area by means of sn externsl megnet and a coupling plate.
The rotary metal plate provided the third electrode for testing the finished
cathode for emission into the vacuum and served elso as a shield protecting
the catlode sample sgainst contamination during the processing of the BaQ
source. A sketch of the experimental setup is shown in Figwre 7.

Barium carbonate (BaCOx! placed in a platinum-lined aiumira-coated
tupgsten basket was used ae the BnO source. The Ral0O, was decomposed to Bal
in forepump vacuum (10°3 torr; trap filled with liquia nitrogen). The
decomposition started at a basket temperature of 1150° C and was completed
by gradually raising the temperature of the_gabket to 1420° C. The bell jar
was then pumped to a pressure in the low 107 torr range. By further
increasing the basket temperature to about 1700° C (beater current: 23 A)
the BaO evaporation was initiated and the heating ccatinued for & period of
15 to 20 minutes. The resulting BaO film was spproximstely 500 A thick
(frequency change: 1.2 kHz). The bell jJer pressare during the deposition
vas 2 x 107" torr.

The sample was test.--d in the bell jer using e transistor curve
tracer. No current flow between the silver and gold slectrode was observed
at voltages up to 200 V. The bell jar was removed and the sample inspected.
It was found that the gold electrode was damaged by the probe wire and
apparently an open circult had developed. Testing of the sample in air with
the probe wires moved to various spots of “he electrodes initiamlly showed
no current fliow either. After several minutes of testing, however, electri-
cal breakdown occurred at all spots tested, prcbably because of deterioration
cf the BaO ic the moist air.
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Since it was assumed that the negative result of the experiment
vas caused by the failure of the Ba0 to behave as s semiconductor it was
decided to use in future cathode structures nickel as electrcde msterial and
to maxe provision for processing the BaO deposit ip & similar way as
thermioni< BaO cathodes.

Trunsverse-Field Cathodes # 2 through # 5

These cathodes have in common that a flat nickel sleeve was used
as one of the conductors. The sleeves were furnished with a multiple hair-
pin heater for outgassing of the structures and processing of the BaO
deposits. The second electrode of all the cathodes was also nickel, but
applied in different ways. The gaps between the electrodes were formed by
insulating layers (Si0 or alumira), or were simply empty space. Unfortun-
ately, with one exception only (Cathode # 5), the geps of all the various
cathode structures proved to be conductive before a Ba0 film was applied.

The individual cathodes were prepared as follows:

Transverse-Field Cathode # 2

A nickel sleeve, about 2 1/k" long, 1/8" wide and 1/16" high,
wvas coated all around Ty a SiO film with the exception of the middle section
of the sleeve that was masked by wrapred-around nickel foil. The necessary
rotation of the sleeve during the SiO depositlion was carried out manually by
means of a rotary shaft introduced inte the bell jar through a port of the
feedtbrough ring. Pleces of nickel rod welded to the ends of the sleeve
served as an axle and the motion of the rotary shaft was transmitted to the
axle by wire loops. The setup for rotating the sleeve is illustrated in

Figure 8.

The S10 «as evaporated from an aluminam-coated tungsten basket
placed at a distance of 5" from the eleeve. Frior to the deposition, the
nickel slezeve and the basket with the Si0O were degassed simultaneously. The
maximm temperature at the ends of the sleeve during the degassing was 1150°
to 1175° C. The middle section of the sleeve was 50° to 75° ccoler because
of the presence of the masking foil. These temperaturee were asintained for
2% minutes. The heating of the sleeve was then discontirued. At this time,
the temperature of the basket with the SiO was about 1300° C and slow
evaporation of the Si0 took place. The basket temperature was further
raised until the Si0 evaporated with sufficlient speed to initiate the
deposition onto the sleeve by dropping the protective shield placed between
basket and sleeve (basket temperature: about 140O0° C). The deposition was
continued for a period of 30 minutes with the basket temperature firaily
increased to 1450° C. Because of jamming of the rotary mechanism, the
sleeve could be rotated only during the first 15 minutes of the depositionm.
Portunately, the jamming occurred when the face of the sleeve onto which
nickel strips were later to be deposited to serve as second electrodes was
turned towerd the Si0 source so that this more important side of the sleeve
received the heavier coating. From the frequency change of the quartz
crystal (1.9 kHz during the rotation of the sleeve, 4.7 kHz with the sleeve
stationary), it was estimested that the thickness of the SiO layer cn the face
of the sleeve was of tze order of 5500 R. The vell Jar pressure during the
deposition was 1 x 107~ torr.
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After removal of the wasking foll, two nickel strips were
deposited through an appropriete mask onto the Si0-covered areas of the
sleeve in such a way that the strips extended almost to the border between
the Si0 coatings and the bare ares of the nickel sleeve (see Figure 9). Each
nickel strip represented a second electrode, while the S10 layer formed the
insuiating gap between the nickel strips and the bare nickel area of the
sleeve. Two potential cathode sreas were thus produced on the sleeve.

The nickel source consisted of short pieces of 0.05" nickel
wire placed in an alumine-coated tungsten baasket. Prior to the nickel
depcsition, the sleeve with the Si0 coating was degarsed by raising its
temperature within 35 minutes to 820° C and maintaining this temperature for
40 minutes. During these LO minutes, the nickel source was gradually heated
10 about 15500 C. The nickel slowly evaporated at thie temperature. The
gleeve was now allowed to cool while the temperature of the basket was
further increased to expedite the nickel evaporation. After 20 minutes, the
ghutter that shielded the sleeve from the nickel source wae dropped and the
nickel deposite il onto the sleeve. The depogition was continued for 15
minutes at a bell Jar pressure of 1.5 x 107® torr. Since a considersble
aickel deposit had formed on the bell Jar wall during the outgassing of the
nickel source and a pyrometer was used for the temperature measurements it
was not poasible to determine the temperature of the basket during the
deposition of the nickel. Most .ikely, this temperature was about 1650° C.

The thickness of .he nickel layer was somewhat larger thsn
the value indicated by the frequency change of the quartz crystal (10 kHz,
corresponding to sbout 2000 §) because the crystal was one inch farther away
from the nickel source than the sleeve (sleeve-to-source distance: 4"), The
pressure in the bell jar was 1.5 x 107" torr during the deposition of the
nickel.

The sample was removed from the bell jar and tested with a
continuity meter for electrical isolation of the nickel atrips from the
sleeve. A short circult existed between each of the nickel strips and the
sleeve. Since it was clearly visible that the Si0 coatings extended far
enougk beyond the edges of the nickel strips to rule out the possibility of
a8 direct contact between the strips and the bare ares of the sleeve the
electrical short must have occurred through the bulk of the 810 layer.
Application of a heavier SiC coating was therefore tried in the next experi-
ment.

Transverse-Field Cathode # 3

The structure of this cathode wes identical with that of
Transverse-Field Cathode # 2, but several changes were made in the experi-
mental procedures. In particular, the setup for rctating the nickel sleeve
during the SiC deposition was improved. Instead of the two pieces of nickel
rod that served as the axle for the sleeve in the previous setup, one solid
nickel rod was used in the present experiment. The mounting of the glass
bead that electrically lsolated the ends of the mdt+iple hairpin heater
(see Figure 8) was also chenged. In the new arrangement, the bead was
wvelded to two short pieces of tubing one of which wvas slipped over one end
of the sleeve axle and spot-welded; the other shori plece of tubing firmly
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accommodated & plece of nickel rod of the same thicimess as the sleeve axle.
A straighter and more rigid axle resulted from these changes.

As another modification, the piece of wide nickel tubing that
had been attached in the previous setup to the axle of tbe sleeve to serve
as winding drum for the driving wire was replaced by a spool machined from
stainless steel. "The elevated rims of the spool prevented the driving wire
from gliding off. The spool was slipped onto the axle and held uin position
by a countersunk setgcrew. To fasten the driving wire to the spocl the wire
was threaded through two fine holes bored side-by-side through one of the
rims of the spool. A second similar spool was machined with a tubular
appendage for attaching the spool to tke rctary shaft.

Finally, the support of the axle of the sleeve was modified.
The nickel tubings used as bearings in the previnus setup were discarded.
In the new arrangement, the axie rested in small boles bored through short
pleces of stainless steel rod of the type regularly used for assembling
experimental setup in the bell jar. The rods, in turn, were attached by
standard clamps to the vertical support rods of the bell jar.

It should be also noted that heavier nickel foil was used for
masking the middle part of the nickel sleeve and that the foil was not com-
pletely wrapped around the sleeve, but covered only the face and the sides.
These changes in the masking procedure were made tc facilitate the removal
of the mask after the Si0 deposition. 8Some difficulties had been experienced
in this respect during the preparation of the previous catbode.

The prccedure of degassing the nickel sleeve and the tungaten
basket with the 810 was very similar to that followed in the preparation of
Cathode # 2. The maximm temperature at which the sleeve was outgassed was
approximately 1100° C. The sleeve was kept at this temperature for 25
minutes and was then allowed to cool. The degassing of the basket with the
810 was started simultaneously with the outgaessing of the sleeve. At the
time at which the heater current of the sleeve was turned off the basket
temperature was asbout 1250° C. This temperature was raised within the next
35 minutes to 1350° C and the deposition of the 810 cnto the sleeve was
initiated. The sleeve-to-SiO source distance was 4" (compared to 5" in the
case of Cathode # 2). The deposition of tge 810 was carried on over & period
of 1 1/4 hour (bell jar pressure: 1 x 107° torr). For unknown reasons, the
quartz crystal did not function properly so that the thickness of the 310
deposit hed to be judged by the changes In interference colors. The finished
layer was estimated to be several thousaends angstroms thick, but it was
difficult to decide whether the produced layer was thicker thnan the Si0 layer
of Cathode # 2 us it was originally planned.

The mechanisa for rotating the nickel sleeve functioned
satisfactorily throughout the entire Si0O deposition slthough slackening of
the driving wire presented a prcblem sometimes.

The deposition of the nickel strips onto the 8i0O layer was
performed through the same mask used in the preparation of Cathode # 2. An
alumina-~-coated tungsten basket filled with short pieces of nickel wire
served again as the nickel source (sample-nickel source distance: L"). The
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degassing of the nickel source and the sleeve with the SiC layer fol.owed
essentially the method employed in fabricating Cathode # 2. First, the
sleeve was heated within 30 minutes to approximately 800° C. Subsequently,
the outgassing of the basket with the nickel was started while the degassing
of the sleeve continued at about 800° C for 55 minutes. During this period,
the basket temperature vas raised to approximately 1100° C. fThe heating of
the sleeve was now discontinued. After a period of sbout one hour, the
basket temperature wag further increased umntil (after 15 minutes) the nickel
evaporated sufficiently fast to initiate the deposition onto the sleeve by
removing the shutter placed ag usual Dbetween sleeve and nickel source. The
nickel deposition was completed within 10 minutes. According to the fre-
quency change of the quartz crystal (20 kEz), the estimated thickness of the
nickel layer was approximately 4000 X. The pressure in the bell Jjar during
the nickel deposition was 1.4 x 107® tcrr. Because of clouding of the bell
Jar wall during the outgassing of the nickel source, the basket tempersture
at the time of the nickel deposition could not be measured with reasonable
accuracy, but appeared to be considerably lower than the basket temperature
during the deposition of the nickel strips of Zathode # 2.

Examination of the sample revealed that, as in Cathode # 2,
the nickel strips were far enough away from the critical edge cof the Si0
layer to eliminate the possibility of a direct contact with the bare area of
the nicksl sleeve. But, nevertheless, testing with the continuity meter
indicated, as in Usthode # 2, an electrical short between each nickel strip
end the nickel sleeve, Using probe wires and the tramsisgtor curve tracer,
electrical shorts werc also observed across the Si0 surface along the sides
of the sleeve at voltages as low as 1 volt although occasionally spots were
found where the voltiegze could be reised to several volis {(ur to 35 V) before
breakdown occurred. Microscopic imspection (150X) showed no obviously faulty
spots in the SiO or nickel coatings, but revealed a ccnsiderable roughness
of the surface which evidently resulted from the rough surface of the nickel
sleeve. There were two possible explanations for tbe electrical conductivity
of the Si0 layer: (1) The roughness of the sleeve may bave caused the
development of minute cracks in the Si0 through which the nickel penetrated
during the depooition thereby forming conductive paths; (2) piffusion of
nickel into the otherwise sound SiO layer msy have occurred during the bake-
out of the coated sleeve resulting in degradation of the insulating guality
of the Si0.

Transverse-Field Cathode # b

A drastic change was made in the preparation of this cathode

inasmuch ag eluminum oxdde \AlQO ) wag choser as the insulator feor forming
the gaps between the conductors, and a spraying technique was used for
applying the Al,0; to the nickel sleeve. As ia the preparation of Catbodes
# 2 and # 3, the middle section of the sleeve waa mesked by a strip of nickel
foil before the sleeve was coated all around by Al0 (commercial AlQO
suspension, diluted by an equal volume of amyl acetale; ten spray gun
paeses) The thickneas of the Al»O coating was several microns. The

sleeve with the coating was fired ih hydrogen at about 1300° €

Another feature distinguishing Cathode # L from Cathcdes # 2
and # 3 was that two additional gaps were produced that differed from the

2k




Raman i m‘”‘m At e i Dt B B

T T T AT ARG T ST ST AT U ST TP NS SO 5, T e T o

type of gaps used in the earlier cathodes. In Cathodec # 2 and # 3, two
idertical gaps were formed bLetween the bare area of the nickel sleeve and
each one of the nickel strips deposited on the top of the insuleting layer
(see Figure 9). Two gaps of this type were also present in Cathode # L,

but in addition, gaps were produced in the nickel strips, one each in each
strip, by simply using thin wires as masks while depositing the strips. To
provide electrical contact to the various sections of the nickel strips,
ribbons of nickel foil were wrapped around the Al,0;-coated sleeve before
the nickel strips were deposited. To prevent short-circuiting o¢ the Al50
coating at the ends of the sleeve by nickel creeping around the edges duriig
the deposition, masking strips of nickel foil were attached to the ends of the
sleeve. A side view of the Al,0;-coated sleeve with the masking wires, the
contact ribbons and the masking strips attached is sbowvn in Figure 10.

In contrast to the procedure followed in the preparation of
Cathodes # 2 and # 3, the nickel foil wrapped around the middle section of
the sleeve prior to the spray-ccating with Al,0; wes not removed before the
nickel strips were deposited onto the Aly0,. I% was therefore not necessary
to use the more elsborate mask required for the nickel deposition vhen pre-
rering Cathodes # 2 and # 3. Instead, a simple nickeli frame was applied to
the sample as mask merely for the purpose of restricting the nickel deposi-
tion to the face of the sleeve. The degaseing of the sleeve and the nickel
source was performed under conditions similar tv those described for Cathodes
# 2 and # 3, 'The nickel was deposited within }O minutes to a thickness of
about 3000 A at a bell Jar pressure of 2 x 107" torr. After removal of the
various mssks, a structure was obtained as shown in Figure 11. Included in
the figure are tke circuits used for testing the gaps.

Uben the gaps were electrically tested a short circuit was
found to exist between cach section of the nickel strips and the nickel
sleeve, i.e., all the gaps were by-passed. It was furthermore observed that
the contact ribbons had loosened. In addition, the adherence of the nickel
deposit to the AlpOy coating was poor. It should be also noted that the
removal of the various masks had caused difficulties because the masks were
fused more or less solidly tn the sleeve. The nickel foil mask underneath
the Al50; in the center part of the sleeve was especislly hard to remove
because ;t was bound very tightly to the sleeve probably due to the high
temperature of the bydrogen-firing of the sleeve after the A1203 deposition.

Transverse~Fizid Cathode # 5

Since there was the possibility that nickel had penetrated
through the Al50; coating during the vapor deposition and had caused the .
short circuits observed on Cathode # L4 it was decided to use strips of nickel
foil as second electrodes for the preparation of Csthode # 5.

As the first step in preparing the cathode, a nickel sleeve
was mounted on a nickel rod and furnished with masks of nickel foil as
shown in Figure 12. The sleeve wes then spray-coated with A120 and, after
removil of the masking strips, fired in hydrogen. (The masking strips were
removed prior to the hydrogen firing to eiiminate the difficulty experienced
in %the preperstion of Cathode # L from the fusing of the msking strips to
the sleeve.) Subsequently, the partislly A1203-coated sleeve wae provided
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with six stripe of nickel foll to serve as second electrodes. Each strip was
1/8" wide and was made from nickel fcil prefired to soften the foil for
easier and safer mcunting of the strips. The etrips were wrapped asrourd the
Al503-coated section of the sleeve in close vicinity to tke bare nickel areas
and %astened by twisting short pieces ¢f thin nickel wires welded to the ends
of each strip (see Flgure 13). Testing cf the nickel strips for electrical
igsolation from the sleeve revealed, however, that a short circult existed
between each nickel strip and the sleeve. The explanation of this failure
was that the twisted wires had cut through the Al,0; during the fastening

of the strips and had come in direct contact with the support rod of the
sleeve. To eliminate this vroblem the method of mounting the sleeve was
changed as indicated in Figure 1lL. 1Instead of attaching the sleeve directly
to the support rod the sleeve was fastened by nicksl straps to a cersmic
tubing and the tubing with the sleeve was slippsd over the support rod. To
keep the sleeve in a fixed position and to simultenszously provide electrical
contact between the sleeve and the support rod short pieces of nickel wire
vere welded across the mounting straps at the ends of the sleeve and the
suppcrt rod.

A nickel sleeve was mounted to the support rod by the modified
method and a structure prepared following the same procedures used in the
preparation »f tke first veraion of Cathode # 5 (see Figure 13). After
electrical tests at voltages up to 200 V had demonstrasted that no electrical
short existed between any of the nickel contact strips and the sleeve the
structure wes spray-coated with triple-carbonate (20 spray gun passes to
the face wnd each side of the structure using a triple-carbonate suspension
of 40 volume parts commercial suspension and 60 volume parts amyl acetate).
Subsequently, the sleeve was furnished with a multiple hairpin heater to
permit processing of the triple-carbonate. Pieces of thin nickel wire were
welded to the twisted wires of the contact strips for making the neceassary
electrical comnections. Finally, the structure was mounted together with s
collector electrode and a slidirng mask for protection of the coliector during
the processing of the triple-carvonate. PFigure 15 shows a schematic of the
setup including the electrical cconnections to the terminal board of the puap -
station. A test of the structure for leakage currents at voltages up to
200 V was negative.

Tc process the triple-carbonate the sleeve was gradualiy
raised within 1 hour aud 45 minutes to a maximum temperature of 1280° C
rweasured in the middle section of tie sleeve. The temperature of the con-
tact strips was considerably lover ranging from about 1050° ¢ (measured at
a contact strip near the middle of the sleeve) to about 950° C (messured at
the contact strip nearest to the upper end of the sleeve). Immediately upon
reaching the maximum temperature, the heater current vas reduced and the
sleeve maintained at a temperature of abcoui 900° C for 15 minutes. The
pressure in the bell jar rose from 1 x 10™° torr at the be%inning of the
procezsing of the triple-carbonate to 8 maximm of 1 x 10~ torr, hed
declined to 3 x 107° torr at the maximm sieeve temperature and was 1 x 10-
torr during tke final heating of the sleeve at Q00° C.

Unfortunetely, the support rog of the sleeve warped during
the heating and the lower end of the sleeve was pressed against the gliding
mask. The mask 414 therefore not drop when the thin wire holding it in
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positicn was burnt afier completion of the processing. In addition, the
impsect of the sleeve on the mask hed electrically shorted the two elements.
It was therefore impossible to test the sleeve for thermionic emission and,
hence, to determine whether a sufficiently active BaO had been produced.
The short circuit between sleeve and mask also eliminated the possibility
of testing the structure for cold cathode emission. Only tests for current
flow through the BaO couid be performed.

It was found that no current passed between the sleeve and
four of the contact strips when tested with a transistor curve tracer at
volteges up to about 200 V in elther direction. Irmediate electrical break-
dowvn occurred at the remaining two contact strips. The bell jar was exposedto
alr and the structure remored. Inspecticn revesled some holes burnt into
the gleeve indicating partial overheating of the sleeve during the processing
of the BaO. As oba~rved on Cathode # 4, it was furthermore found that the
contact strirs bad loosened and were not in satisfactory contact any more
with the A1203 coating. This might explain the open circuits between rhe
slesve and most of the coptact strips whereas the observed electrical. break-
downs probably originated from mechanical damage of the A1203 coating.

From the poor results of the experiment it was concluded that
the simple method of using spray-coatings as insulating layers and metal
strips as second electrodes was too crude to produce reliable devices and it
was therefore decided to use vacuum techniques agasin for the preparation of
future cathode structures.

Transverse-Field Cathode # 6

Basically, this cathode consisted of a nickel strip with a light
magnesium undercoating depozited onto a sapphire substrate. The nickel
strip vas divided into three sections by two gape. The gaps were bridged
by a 80 film. The configuration of the cathcde is shown in Figure 16 a, b.

The sapphire substrate wae identical in size with the sapphire
substrates used in the experiments with the field-emission type of cethodes.
The ssme furnace as in these experiments was therefore employed for the
initiel degaszing of tke subetrate and the subsequent hest treatments of the
sample. To produce the gaps in the nickel strip and the magnesiuwn undercoat
the substrate was covered ty a mask consisting of a rectangulsr nickel frame
with twc wires spci-welded in a direction parallel to the smeller sides of
the frame. The thickness of the wires was 20 and 40 mils respectively. The
magnesium source was an alumina-coated tungsten basket charged with small
packages of folded magnesium riddbon. Short pieces of nickel wire placed in
another alumina-coated tungeten basket served as the nickel source. The
substrate-to-magnesium source distance was 4 3/4". The distance between
nickel source and substrate was 5".

The substrate with the mask, the magnesium source and the nickel
scurce were degassed simultaneously. The subatrate was degassed at 1200° C.
the nickel source at 1100° - 1150° C. The magnesium source was heated to a
felny red-glow. The substrate and the nickel source were then allowed to
2ol while the heat of the megnesium source was continued until a deposit
of spproximately LOO R thickness had formed on the substrate (frequency
change of the monitoring quartz crystal: 0.4 kHz). The magnesium
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undercoating was applied to serve later as a reducing agent for the BRaG.

Immediately following the magnesium deposition, the nickel was
evaporated onto the substrate by heating the nickel source within 30 minutes
to 1450° C and maintaining a temperature of 1450° to 1500° for another 10
minutes. The estimated thickness of the nickel deposit was 5000 to 6000
(frequency change of the quartz crystal: 28 kHz). The nickel layer was
finally aged by heating the sample at approximately 1100° C for a period of
about 20 minutes.

Prior to bridging the gaps in the aickel layer by the BaO film, a
sultable setup had to be devised that would permit electrical testing of the
firished cathode structure without intermediate exposure to air. A similar
arrangement was used as in the final step of the preparation of Cathode # 1
where the same problem had existed. Severel improvements of the earlier
setup vere made. Instead of one point comtact, two electrically independent
contacts were applied to each section of the nickel layer. BResides thereby
doubling the chence of maintaining electrical contact to each nickel ares,
this errangement also provided a possibility of proving that a nickel area
was definitely electrically contacted. Electrical continuity between the
two point contacts of the nickel area provided this precof.

As another improvement of the setup, the point contacts were
applied tc the three sections of the nickel layer in such a way that the set
of six contacts and the furnace with the cathode sample formed a single,
compsct unit that could be assembled cutside the bell Jjar. This facilitated
the delicate adjustment of the point contacts and resulted also in a sturdier
structure. To further simplify the setup the BaO cdeposition was not
reetricted tc the gap areas. The entire cathode sample was rather expcsed
to the Ba0 vepors. This procedure eliminated the need for a special mask.

A simple shutter protected the sample during the processing of the BaO
source. The rotary metal plate used in the preparation of Cathode # 1 was
also employed in the present setup to serve as collector electrode.

The BaO source was BaCO. placed in a platinum-lined, alumina-
coated tungsten basket. The distgnce between the sample and the tungsten
basket was 4". After degassing the semple and the BaO source, the BaCO
was slowly decouposed in forepump vacuum at temperatures similar to thode
quoted én the description of Cathode # 1. The p.essure was then lowersd to
the 1077 torr range and the Ba0 evaporation initiated by ralsing the BaO
source to a temperature of about 1700°. The Ra0 was deposited to & thick-
ness of about 2000 X (frequency change of the quartz crystal: L k¥z). The
tiwe required for the deposition was 2 1,2 hours. The final temperature of
the tungsten basket was 173C°. The bell Jar pressure was about 1 x 107° torr.
After completion of tce BaO deposition, each pair of point contacts was
checked for electrical continuity. All points were found to be in good con-
tact with the nickel arees.

To activate tLe Be0 deposit the bell jar wes pumped to a pressure
of 2 x 1077 torr and the furnace witk the sample gradually heeted within
about 1 hour to 800° C. A test of the nickel ares in the middle of the
sample for thermionic emission showed a current of about 1 micrcamp with
10C V applied tco the rotary collector electrode. Reising of the temperature
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resulted in increased currents but slumping of the ewission, probably due

to poisoning, was observed at each current increase. At 985° C, for instance,
an initial current of 11.5 microamps was obtained gradually decreasing to
about 4 microamps within 10 minutes. Approximately the same emission was
measured when testing the other two nrickel areas of the sample. The pressure
during these tests was about 7 x 1077 torr. The heating was continued &t a
furnace temperature of about 1000° C for five hours while various emission
measurements were made. No particular improvement of the thermionic emission
was observed. With the furnace still operating, the sample was finally test-
ed for current flow across the gaps using a transistor curve tracer. With a
maximum voltage of 10 V applied across the gups, the maximum current readings
were 83 follows:

Across the 20 mils wide gap: 50 mA
Across the 40 mils wide gap: 35 mA
Across tk two gaps in series: 20 mA.

After discontinuing the heating and allowing the furnace to cool for 20
minutes, the measurements were repeated with the following results:

Current across the 20 mils wide gap: 30 mA
Current across the 40 mils wide gap: 20 mA
Current across both gaps in series: i2 mA.

Repetition of the measurements after leaving the sample in the valved-off
bell Jjar over night and then re-pumping the bell jar to 1 x 10~ torr
resulted in the following current velues-

Across the 20 mils wide gap: 27 mA
Across the 40 mils wide gap: 19 mA
Across the two gaps in series: 11 mA.

In all three sets of measurements, the data were independent of pciarity (as
to be expected) and the VI-characteristics were strictly ohmic.

Testing of the sauple for cold cathode emission was attempted by
applying a constant voltage of 15 V across the 20 mils wide gap (gap current:
42 mA) and reising the rotary collector electrode to a maximum voltage of
S0C V. HNo emission was observed. The failure of the test was not surprising
considering the relatively large width of the gap. With the gap being 20
mils wide and at & bias voitage of 15 V, an electric field of only 300 V/cm
existed acroos the gap. This field strength was much too low to generate
electrons with sufficient energy to escape intc the vacuum. A direct experi-
mental proof that such energetic electrons were indeed missing in the present
experiment was the obmic nature of the VI-characteristics of thne gap currents.

To create electrons capable of entering the vacuum electric fields
of the order of 10° V/cm would be required. Using moderate bias voltages
the gaps of future cathode structures should be therefore only a fraction of
a micron wide. The use of a simple masking wire for producing such narrow
gaps was considered as inadequate. In the following experiments, the width
of the gaps was therefore controlled by a vapor-deposited insulating film
sandwiched between the conductors.
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Transverse-Field Cathodes # 7 and # &

Cathodes # 7 and # = were identical In structure. Nickel was used
as electrode material. The gap-forming insulstor was 35iC. The sapphire
gsubstrate had the same dimensions as that used for the preparation of Cathode
# 6. A sketch of the configuration of Cathodes # 7 and # 8 18 shown in
Figure 17 a, b. The preparation procedures were as follows:

Treasverse-Field Cathode # 7

As usuel, an alumina-costed tungsten basket filled with pieces
of nickel wire served as the nickel source. The distance between substrate
and nickel source wvas 4". The furnace with the substrate and the nickel
source were degassed simultaneously. The furnace was heated to 1230° C
within 35 minutes and then allowed to cocl while the temperature of the
nickel source (1265° ) was further raised until, after 15 minutes, the
nickel evaporeted with sufficient speed to initiate the deposition onto the
substrate by removing the shutter located between nickel source and substrate
(nickel source tempersture: 1400° to 1500° C). The nickel deposition waes
completed within 10 minutes. The tuickness of the deposit was 6000 to TG00 ]
(frequency change of the quartz crystal: 30 kBz). The bell jar pressure
during the deposition was 1 x 107° torr. Subsequently, the nickel layer was
aged by heating at 1000° C for a period of 15 minutes.

The Si0 was evaporated from an alumina-coated tungsten basket
placed at a distance of L" from the sample. The SiO deposition was preceded
by a bakeout of the sample and the Si0 source. Boih were heeted simultan-
eously. The temperature of the furnace with tre sample was raised wiibin
LO minutes to 1215° C. The temperature of the Si0 source was at that time
1030° C. The heating c? the sample was then discontinued and the temperature
cf the Si0 source further increased within 30 minutes to 1400° C. The pro-
tective shield between sample and Si( source was dropped and the 510 deposi-
tion initisted. The Si0 was deposited over a periocd of 80 minutes with the
temperature finally raised to 1460° C (bell jar pressure: low 10~T torr
region). The estimated thickness of the layer was approximately 5000 't
(frequency change: S kHz).

The top nickel film was deposited under similsr conditions as
the nickel base luyer with the exception that the bakeout of the sample
prior to the nickel deposition and the final aging of the top nickel film
were performed at & maximum temperature of 900° C. (The corresponding
temperatures during the preparation of the nickel base layer were 1230° C
gnd lgOOo C respectively.) The thickness of the top nickel film was 5000 to

000 X.

Teeting of the sample for electrical isolation of the two
nickel layeres ind.cated a short circuit. Since microscopic examination of
the sample clearly showed that the critical edge of the top nickel f£ilm did
not extend beyond the SiO layer the short circuit could be obviously
exr lained only by electrical conductivity of the S10 layer. Bowever, when
pcint contacts were applied to the bare Si0 surface near the top nickel f£ilm
in the region where this film and the nickel base layer were superimposed
no short circuits were detected between the SiC surface and either the nickel
base layer or the top nickel film. It scemed, therefore, that the Si0 layer
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wves strongly conductive only where the two nickel layers faced each other.

ince the sample had Leen heated to $00° C before and after the deposition
of the top nickel film there was the possibility that nickel bad diffused
into the Si0 increusing ite conductivity esrecially in the region between
the two nickel layers because in this region the diffusion took place from
+wo sources. Cathode # 8 was therefore preyared in s attempt to check into
this possibility.

Transverse-Field Cathode # &

The deposition of the nickel base isyer and the 510 layer
fcllowed closely the procedures used in the preparaticn of Cathode # 7.
However, to reduce the possibility of nickel ¢iffusion into the SiC to a
minimza the bakeout of the sample prior to the deposition of the top nickel
£ilr was performed at a moderate temperature (about 500° C as compared to
G00® C in the case of Cathode # 7) and the final aging of the top nickel film
was abandoned completely.

Ingpite of these precautions, o short circuit existed again
between top nickel film and nicxel base lLiyer. The essumption that nickel
diffusion had ceused the failure of Cathode # 7 appezred therefore to be
erronecus. As the simplest alternste explanation for the existence of the
short circuit there remained the pussibility thati the top nickzl strip was
in direct contact with the edge of the nickel bmae layer inside the catunile
struture due to insufficient thickness of the Si0 layer. Figure 18
illustrates the situastion. To eliminste this pogsible source of failure in
future experiments the SiO layer should be made thicker tharn the nickel base
layer, or the Si0 depcsition should be performed st an engle.

Transverse-Field Cathodes # 9 through # 11

For a specias spplication, a transverse-field cathode was required
that differed in its configiration from the cathodes explored thus far.
Deslically, the new cathode structure consisted of a cylindrical metal
pellet wiih one flat surface covered by an insulating layer with a hole in

ts center. The bhare metal area exposed through the hole served as one
e¢lectrode. The cther ciecirode was formed by e metal £ilm locsted on the
top of the insulating layer. The insulsiing lsyer established the gap
between the two electrodes. 3Bridging ¢f the gap by & BaO fiim completed
the cathode structure. A sketch of tbhe catbode structure is showa ip
Figure 1G. Several attempts were made o produce this type of transverse-
field cathode.

As a cormon practice in the experiments, a molybdenum pellet,
1/ in diometer and 1/3" high, wes used 2s the hase of the stracture. The
flat surface of the peliet onto which the insulating layer and the top
metal £i)m were to be deposited wus mechanically polisned. Te raintain a
bare metal z2rea in the center of this surface during the deposition of the
insulating 1l-.yer and the top metal film a short piece of & nickel wire
servirg as pask wes tigptly fitted inlo a slLailow hole driiled into the
surface  After the derositicn of the insulating layer and the top metal
£ilm, ~he nickel wire waz removed by etching.
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Heating of the pellet was sccomplished by electron bombardment.
Inivielly, & triple-carponate-custed coil of tungsten wire gurrounding the
pellet was used as electron sow .e, but the heating of the coil caused
serious sagging of the wires. To covercome this problem the coil wes replaced
by a single loop, first made from tantalum, finally from tungsten ribbon.

The rivbon was 3 mils thick and about 3/32" wide. The dismeter of the loop
was about 1/2".

Difficuities were alsc encountered from peeling of the triple-
carbonate ccating. A very light spray coat (one spray-gun pass) was found
to reduce the danger ol peeling tc a minimum and yet to provide sufficient
electron emisaion.

Several methods of activating the triple-carovonate and hesting the
molybdenum pellet were tried. The procedure that proved to be most satis-
factory was one in which the coated ribbon was gradually rauised in forepump
vacuum (about 1073 torr) to a temperature between 11C0° and 1200° C to dbresk
down the triple-carbonate and to degas the ribbon to a reascnsble degree.
Subsequently, the bell '¢r pressure was reduced to the lower 107° torr region
and the ribbon temperature lowered to about 1000° C. By eppiying a positive
voltage tc the peliet the hombardmwent of the pellet was initiated start.ng
with a bombarding current of 2¢ to 30 mA {required pellet voltage: 100 to
200 V). By further raising the pelliet voltege the bombarding current vas
graduaily increased until the desired temperature of the pellet wss obtained.

Tre top metal film was depcsited onto the insulating film through
a mesk consisting of a fuirly beavy tantalum sheet with & hole somewbet
szaller in diameter than the pellet tc prevent the metal vapors from creeping
around the outer edge of the ingulating film and caueing an electrical short
betveen the top metal film and the bulk of the pellet. The mwask was not in
direct contact with the insulsting film to avoid damege of the film by
scratching. The method of mounting the mesk as clcse as possiple to the
pellet without toucking ils surface ig illuetrated in Figure 20. Masgk and
pellet formed a single wunit that could be easil, assembled outside the bell
Jar. By sliding the nickel wire supporting the pellet into the rarrcw tubing
attached to the mask the distance between mask and pellet could be adjusted
safely ané accurstely. After the adjustment, the nickel wire was firmly
attached to the tubing bty a spot-weld.

The details of the preparation of Cathodes # $ through # 11 were
as follows:

Transverse-Fleld Cetbode # §

3i0 wes selected as the insulator and mclybdenum as the top
r2tel. The masking nickel wire was 20 mils in diameter. Pricr to the
deposition of the 3i0 layer, the molybdenum pellet was degasped Tor 25
minutes at about 1000° C (heat-ur time: 3C xminutes). The S10 was eveporated
from gn alumine-costed tungsten basket. The distance between 510 sourre and
molybfenum pellet was 4 1. 4", The temperature of the tasket was raised
within 1 bour and 25 minutes tc 1330 C. At this temperature, the S5i0 began
to slowly evaporate. The shutter between the SiT source and the molyhdenunm
pellet wrs then dropped and the Si0 deposited oatc the psllet with no
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external heat applied tu the pellet. The besket temperature was gradually
increesed to & maximum of 1LLOP C. The deposition was completed within 35
minutes. The bell jar pressure was 1 x 10°7 torr. The thickness of the S1i0
deposit was 1 to 1.5 microns.

The tor molybdenum film was deposited onto the samwple through
the musk previously descrided and shown in Figure 20 without prior degsssing
of tue sample. An E-gun wag used to evaporate the molybdenum. The molyb-
denum source was & pre-degussed pellet. The distance between molybdenum
source and samrple was 4"  The molybdenum wae evaporateg at a temperature of
about 2000° C and at & beil jar pressure in the low 107° torr region. The
depnsition took plasce over a period of 20 minutes. The thicknegs of the
molybdenus deposit was 2000 to 3000 Z. The deposit did not have the very
shiny snd smooth appearance cf molybdenum £ilms deposited on & microscope
slide or sepphire substrste. The surface wss ratber coarse and grainy, but
did not displsy obvioug defects.

The removal of the nickel wire mask by hot hydrochloric acid
{initially diluted, lster more and more concenirated BCl) proved to be &
lengthy process requiring approximately 4 hours for completion. But no
apparent damage of the films was obsexved. Testing of the sample with a
continuity meter, however, revealed a short circuit between the top molyb-
denur £ilm and the molybdenum pellet. No electrical continuity was founid
when probing tbe bare region of the Si0 layer against the bulk of the pellet.
Micreascopic examination of the sample (magnification 200X) showed several
boles in the 530 layer, but these holes were probably formed during the acid
treatment. There were also indications that the acid had etched the ton
molybdenum £ilm here and there. Around the hole in the center of tbe sample,
dark spots were observed. The nature of these spots could not be determined.

Transverse-Field Cathode # 10

Although there was no evidence that defects of the Si0 layer
wvere responsible for the failure of Cathode # 9, Alp03 vas tried as insu-
lating material in the preparat on of Cathode # 10. A piece of "green"
(unfired) alumine ceramic {99.5 % Alx04 ) was used as the A1503 source. The
neat source was an E-gun. The mo*Vbdenum pellet was located &t a distance
of 5" from the A1203 source. Before outgassing the mclybdemwm pellet the
A@203 source was degassed by beating in forepump vacuum to a maximum
temperature of 1140° C within 35 minutes. The Aly0; source was allowed to
cool and the molybdenum pellet was degassed by heating in high vacuum
{1 x 10™° torr) for 10 minutes at sbout 1100° C (heat-up time 4O minutes).
After cooling 5f the molybdenum pellet, the Aleo was heated until evapora-
tion took place at a temperature of about 2000¢ é (heat-up time: 20 minutes).
The shutter between the molybdenum pellet and the AlQO source was removed
and the depcsition of the Alzci onto the pellet performec within 1 hour and
1C minutes. The temperature oI the Aly03 source climbed during the deppsi-
tion to about 2300° C. The pressure in the bell jar was in the low 10 Vtorr
region. The thickness of the Al,0; depoesit was of the oider of 1 micron.
The deposit was finally aged by a Brie? hesting at ebout 1150° C.

The sample was inspected and it va, found that the masking
nickel) wire had melted. Apparently, alloying of the nickel with the
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molybdenum had occurred indicating that the temperatures applied to the
molybdenum pellet had been excessive. It was furthermore noticed that the
Aly05 layer looked gray instead of white. Testing of the layer for its
ingulating quality showed that the Al,0; was highly conductive and therefore
worthless. It was assumed that oxygen deficliency was the reason for the
conductivity of the A1203. The sample was discarded.

Transverse-Field Cathode # 11

As in Cathode # U, Si0 was the insulator in Cathode # 11, but
rlatinum was used instead of mclybdenum as the topr metal film material.
Platinum was selected because of its high chemical inertness and greater
volatility.

The molytdenum pellet was degassed for 30 mirutes at tempera-
tures between 900° and G00° (heat-up time: 15 minutes). The Si0 was
evaporated “rom the standard tungsten basket. The degessing and deposition
of the 510  nerally followed the procedures used in previous preparations
of 810 layer: but an extra heavy deposit of 2 to 2 1/2 micron thickness
was formed in -ree separate runs. Tested with the continuity meter, the
leyer wvas found to be insulating.

The top platinum film was deyosited through the maskx used
during the deposition of the tor mclybdenum film of Cathode # 9. The
mounting of the mask was the same ag shown in Filgure 20, but the diameter
of the circulsr opening of the mask was widened from 1/8" to 3/16". The
platicum source was a strip of sheet metal, 3 mils thick and 1/4" wide,
folded and pressed to & square package. An E-gun was used ag heat source.
The distance between platinum source and sample was 5".

The platinum source was degassed by raising the tempersture
to about 1700° C within 1 hour. At this tempersture, the platinum started to
evaporate (bell jar pressure 1x 1077 torr). The shutter between platinum
source and samp 18 removed and the platinum deposited onte the sawple
to a thickness of 3000 to LOOO X {deposition time: approximately 2 hours;
final bell jar pressure: £ x 107° torr).

Under vacuum, the pistinum film appeared to be smooth and
quite satisfactcry, but immediately upon exposure te air, the film wrinkled,
Tbe adherence of the platinum to the Si0 layer proved tc be extremely poor.
The slightest touch witl s probe wire caused peeling. Except for e few
specks, the entire filuw could be sasily removed. The bare SiC lsyer appeared
to be still insuleting when tested with the continuity meter.

SUMMARY

4., Field-Emission Type of Cethodes

The formation of asperities has been demcnstrated on plain molyb-
denum layers using the sluminum alloying technigue. The variocus fsctors,
such as quentity of eluminum, residusl gas pressure, temperature and time
of the heat treatments, that may control size and density of the agperities
heve not been investigated in detsil. It haz been culy determined that too
little aluminux fells to produce asperities whereas an exceas of aluminum
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results in irregular corrosion of the molybdenum surta.e.

Two experimepts were periormed in which asperities were grown on
molybdenum areas confined by insulating layers. The areas were narrow
grooves and were formed in layers of alumipna and silicon monoxide, respec-
tively, by evaporating the insulators through a nickel me=* grid onto the
molybdenum layer. It was found that, in the experiment with silicon monoxide,
the growth of asperities had spread across the entire width of the grooves
whereas in the experiment with alumina, the asperities had formed primarily
in the middie of the grooves. No asperities were present in the immediate
vicinity of the insulating layer.

In a third experiment, an attempt was made to produce asperities
on molybdenum within groovees etched in a silicon monoxide layer. The experi-
ment had to be discontinued prematurely because of a failure in the produc-
tion of the grooves.

B. Transverse-Field Type of Cathodes

The prepsraticn of trezisverse-field cathodes has been explored
using various cathode configurations, materials and techniques.

For producing the conductor, semiconductor and insulating lsyers
Of the cathcde structures vacuum-depositicn methods appeared to be superior
to spray-coating techniques because of better control of the tbickneas and
smothness of the lsysrs prepared ty vacuum depesition. The vse of metal
foils as electrodeas proved to be impractical primarily because of difficul-
ties in making and maintsining reliable electrical contacts.

The use of masking wires for forming the gaps between the ccnductors
was tried because of the simplicity of the method. For producing gaps
sufficiently narrow to permit the use of woderate blas voltages for creating
the required high electric fields across the gaps the masking wire technique
was considered inadequate. The control of the gep width by an insulasting
lzyer sandwviched between the conductiors was therefore explored as a more use-
ful method. Difficulties were experienced from short circuits bvetween the
conducting layers. It sppeared that this fellure was not necesearily caused
oy defects of the lnmsulating layer, but may have resulted in some !lnstances
from improper coversge of the critical edge of the base conductor by the
insulating leyer. Measuresz for elimingting thie possible fault were indilcated.

The feasibility of preparing a& Bal filwm capable of carrying an
electron current scross tbe geps has been demcustrated. The failure of draw-
ing some cf the electrons into vecuum was explained by the excessive width of
the gaps.

Although the active area of most of the inventigated cathode con-
figurations was 8 straizbt edgs, & special cathode gtricture was also
explored in vhich the emission was to emerge from the will of a circular hole.
Several cathode samples were prepsred, bur so far witb limited success.




FUTURE PLANG

A. Ficld-Emission Type of Cathodes

Thus far, the samples prepered in the various experiments have
been evalueted only by microscopic imspecticn. This examination provided
infermation on the number and size of the asperities, but did not permit
evaluation of their geometrical shapes. According tc the final objective
of the program, the asperities are supposed to serve as field emitters.

The shape of a field emitter is critical for its field emission characteris-
tics and, therefore, very important. Electron microscopy would provide a
tool for determining ihe geometrical shape of the asperities and, hence,
offer an indication of their capabilities as field emitters, but the pro-
cedure is intricete and the information still limited. Since a modified
Mueller field-emission microscope (4,5) that permits scanning of a surface
by a smail-size electrode was available in the Technigues Branch of the
Iaboratory it was decided to use this instrument for testing the asperities
directly for their field emission characteristics. By comparing the field
emigsion characteristics of different samples and correlating the results
with the preparation conditions, guidence wili be cobtained in the formstion
of asperities with the most desirable characteristics. Because of the
scanning feature of the instrument, it will also be possible to test the
uniformity of the shape of the asperities ascross the surface of an individual

sample.

The field emissiop microscope has been readied for operation and
testing of one of the samples with asperities grown on plain molybdenum is
imminent. Depending on the results, the future work will continue with the
formation of asperities inside grooves in insulator layers or will return
to the investigation of the growth of asperities on plain molybdenum. This
return would be Justified if the present asperities prove to be field emitters
of such a poor quality that & more detailed study of their growth is necessary
to achieve the required improvement. In this case, the formation of the
asperities on plain molybdenum would simplify the experimental procedures.

B. Transverse-Fleld Type cf Cathodes

No further ~-rk is planned for this typs of cathode.
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